S urgical access to the paraclinoid segment of the internal carotid artery is important to know for surgical treatment of aneurysms of the paraclinoid, carotid-ophthalmic and/or anterior cavernous segments of the inter- 1-8, 2014 doi:10.5222/sscd.2014.001 Surgical access to the paraclinoid segment of the internal carotid artery is important for safe surgical clipping of paraclinoid carotid aneurysms such as carotid-ophthalmic aneurysms and for the surgical treatment of tumors of the anterior clinoid process (ACP), anterior part of cavernous sinus and the wall of the orbital apex. Anterior clinoidectomy is useful during the surgical access to the paraclinoid segment of the internal carotid artery (ICA). The extensive surgical field gained after anterior clinoidectomy allows lesser brain retraction and increases mobilization of the intracranial ICA and optic nerve. In this report, the authors describe the anatomy of the internal carotid artery and its various segments. Anatomy of the anterior clinoid process and its relation to the internal carotid artery are reviewed. The basic principles of anterior clinoidectomy, the risks and possible complications are also discussed. Paraklinoid karotid anevrizmaların (karotid-oftalmik anerizma gibi) güvenli kliplenebilmesi, anterior klinoid çıkıntı (AKÇ), anterior kavernöz sinüs ve orbital apeks duvarı tümörlerinin cerrahi tedavilerinin yapılabilmesi için, internal karotid arterin paraklinoid segmentine cerrahi yaklaşım çok önemlidir. Anterior klinoidektomi internal karotid arterin (İKA) paraklinoid segmentine cerrahi yaklaşımda çok faydalıdır. Anterior klinoidektomi yapıldıktan sonra kazanılan geniş cerrahi alan, daha az beyin retraksiyonu yapılmasına izin verir, intrakranial İKA'nın ve optik sinirin mobilizasyonunu arttırır. Bu yazıda, yazarlar internal karotid arterin anatomisini ve değişik segmentlerini anlatıyor. Anterior klinoid çıkıntının anatomisi ve internal karotid arter ile ilişkisi gözden geçiriliyor. Anterior klinoidektominin temel prensipleri, riskleri ve komplikasyonları tartışılıyor. 
Sinir Sistemi Cerrahisi / Cilt 4 / Sayı 1, 2014 nal carotid artery (ICA), and also for tumors of the anterior clinoid process (ACP), anterior part of the cavernous region and orbital apex. Understanding the anatomy and various segments of ICA is therefore very important for successful surgical access to this region. To reach the paraclinoid segment of the ICA, surgical removal of the anterior clinoid process is necessary. This report reviews the basic principles of anterior clinoidectomy, together with its applications, risks and possible complications.
Segments of the Internal Carotid Artery
The classic description of the segments of the internal carotid artery was introduced in 1938 by Fischer who published a seminal paper describing five segments of the ICA that were designated C1 through C5 (13) . According to Fischer's nomenclature, segmentation is based on the angiographic course of the intracranial ICA rather than its arterial branches or anatomic compartments ( Figure 1 ). In the original Fischer system, segments of the ICA were numbered opposite to the direction of blood flow, beginning at the carotid terminus. The ICA from the carotid terminus to the posterior communicating artery was C1, from the posterior communicating artery to the distal dural ring was C2, from distal dural ring to proximal dural ring was C3, from the proximal dural ring to medial loop of the ICA was C4, from the medial loop of ICA to foramen lacerum was C5.
A new anatomically based nomenclature for the internal carotid artery was recently proposed by Bouthillier in 1996 (5) . Although this nomenclature is the most recent one, it has gained great acceptance. According to this nomenclature, the internal carotid artery has seven distinct segments ( Figure 2 ). The first segment of the ICA is the cervical segment (C1) which begins at the level of the common carotid artery bifurcation and runs inside the carotid sheath with the internal jugular vein and the vagus nerve. The cervical segment of the ICA ends where it enters the carotid canal of the petrous bone. The second segment of the ICA is called the petrous segment (C2). This segment begins at the entrance of carotid canal and ends at the posterior edge of the foramen lacerum. The petrous segment consists of a vertical portion, a bend (posterior loop of ICA) and a horizontal portion. The third segment is the lacerum segment (C3) which begins where the carotid canal ends. The lacerum segment ends at the superior margin of the petrolingual ligament which runs between the lingula of the sphenoid bone anteriorly and the petrous apex posteriorly. The forth segment of the ICA is the cavernous segment (C4) which begins at the su- (13) . ICA from carotid terminus to posterior communicating artery is C1, from posterior communicating artery to distal dural ring is C2, from distal dural ring to proximal dural ring is C3, from proximal dural ring to medial loop of ICA is C4, from medial loop of ICA to exit of ICA from petrous bone is C5. perior margin of the petrolingual ligament. This segment has a vertical portion, a posterior bend, a horizontal portion, and an anterior bend. The cavernous segment ends at the proximal dural ring which is formed by the junction of the medial and inferior periosteum of the anterior clinoid process. The clinoid segment (C5) which is the fifth segment of the ICA begins at the proximal dural ring and ends at the distal dural ring. This segment is short and extra-cavernous. The ophthalmic segment (C6) which is the sixth segment of the ICA begins at the distal dural ring and ends just proximal to the origin of the posterior communicating artery. The ophthalmic and superior hypophyseal arteries arise from this segment. The anterior clinoid process obscures the lateral surface of the proximal ophthalmic segment. The seventh segment (C7) which is the communicating segment begins just proximal to the origin of the posterior communicating artery and ends at the ICA bifurcation.
description of Anterior Clinoid Process
Understanding the surgical anatomy of anterior clinoid process is necessary to perform proper and safe anterior clinoidectomy and to expose the paraclinoid ICA. The anterior clinoid process (ACP) is a bony projection located on the medial extremity of the posterior border of the lesser sphenoid wing and is a part of the lesser sphenoid bone (18, 24) . The anterior clinoid process masks the origin of ophthalmic artery ( Figure 3 ). Surgical removal of the ACP is called anterior clinoidectomy. ACP which is part of the sphenoid bone is a posterior and medial continuation of the lesser sphenoid wing. ACP appears as a triangular mass when viewed superiorly with the tip projecting medioposteriorly (18) . Anteriorly, its base continues with the medial end of the sphenoid ridge. Medially, the base connects to the body of the sphenoid bone by anterior and posterior roots. The anterior (which is also superior) root is flat, forms the roof of the optic canal, and continues as the planum sphenoidale. The posterior root (which is also inferior), called the optic strut, forms the lateral and inferior walls of the optic canal and connects the lesser sphenoid wing with the basisphenoid bone (17) . Sometimes, the ACP unites with either the middle or posterior clinoid process by a fibrous or osseous bridge. If the ACP unites with the middle clinoid process completely, a caroticoclinoid foramen forms. Inferolaterally the ACP is contiguous with oculomotor and trochlear nerve, ophthalmic divisions of the trigeminal nerve and the abducens nerve, as these structures run forward to superior orbital fissure with the oculomotor nerve being closest (7, 18, 24) . Inferomedially there is a dural layer and under it there is a region called the clinoid space (18) .
Surgical Technique
Surgical technique: After the patient was given nasotracheal anesthesia, and placed on the table in supine position, his/her head should be turned 30 degree to on side. An arc-shaped incision suitable for pterional craniotomy should be made in the frontotemporal area. After performing pterional craniotomy, the orbital rim should be removed to gain space. Dura mater opening suitable for sylvian dissection should be made and dura mater should be suspended. Under microscopic examination, two retractors should be used to have access to opticocarotid area, one for the frontal lobe and one for the temporal lobe. After sylvian dissection, the opticocarotid and the opticochiasmatic cisterns should be opened. Anterior clinoidectomy is very important for surgical approach to the paraclinoid segment of internal carotid artery. Anterior clionidectomy can be done with high speed drill or en-block (33) .
Both techniques have some drawbacks. Drilling of the ACP may produce heat, and this may cause injury to the optic nerve. En bloc removal of the ACP would likely require additional manipulation and this action may damage oculomotor nerve, which runs close to the lateral undersurface of the ACP. Anterior clinoidectomy can be done extradurally or intradurally. Extradural anterior clioidectomy is preferred for cavernous sinus meningiomas (19, 28, 30, 34) . For extradural anterior clinoidectomy, anterior clinoid process should be disengaged from its three supporting structures namely: 1) the lesser wing of the sphenoid bone; 2) the roof of the optic canal; and 3) the optic strut. Intradural anterior clioidectomy is preferred for infraclinoidal aneurysms, and for aneurysms originating fom proximal internal carotid artery (25, 26, 32) . For carotid-ophthalmic aneurysms intradural or extradural anterior clinoidectomy or combined approach can be appropriate (9, 10) . In intradural anterior clinoidectomy, origin of the ophthalmic artery is found. Distal dural ring, the falciform ligament and the dura over the optic nerve are -dissected from surrounding structures for better exposure of the carotid artery and ophthalmic artery (Figure 4 ). Then the optic nerve is gently retracted medially in order to -enlarge opticocarotid window significantly ( Figure 5 ). Sometimes anterior clinoid process is pneumatized. After pneumatization of the anterior clinoid process, mucosa of the ethmoid or sphenoid is encountered which must be protected and not opened. If it is opened a small piece of fat tissue must be taken from the subcutaneous area and put on the pneumatization site of anterior clinoid process.
Risks and Complications of Anterior Clinoidectomy
The surgeon needs to be aware of the risks and complications of anterior clinoidectomy before performing the procedure. Complications include visual disturbances, oculomotor paresis, injury to the optic nerve or internal carotid artery, opening of the paranasal sinuses with consequent rhinorrhea and pneumocephalus, occlusion of the ophthalmic artery, and intraoperative rupture of an aneurysm. The patient's vision can be impaired -during the surgical approach to a cavernous sinus menigioma after anterior clinoidectomy (19) .
As noted above, one of the complications of the anterior clinoidectomy is opening of the paranasal sinuses and the concomitant risk of cerebrospinal rhinorrhea (23) . Sometimes the ACP is pneumatized and contains air cells that communicate with the paranasal sinuses. The origin of pneumatization can be the sphenoid sinus, the ethmoid sinus, or both. Pneumatization of the ACP can be via the anterior root, posterior root, or both. The frequency of rhinorrhea after an anterior clinoidectomy was between 2.7 and 7 % in reported series (16, 25, 33) . In healthy people, 4 to 29.3 % of ACPs were pneumatized in different series (2, 4, 6, 8, 14, 23, 27, 31) . Thus, closing the opening of the paranasal sinus is mandatory. Keeping the mucous membrane intact and pushing it into the paranasal sinus may decrease the probablity of rhinorrhea. This can be managed by drilling pneumatized ACP with a diamond burr. Bone reconstructed preoperative CT assessments is helpful to evaluate pneumatization of the ACP.
Surgical Applications
Surgical access to paraclinoid segment of the internal carotid artery through anterior cli- noidectomy is useful when performing surgical removal of cavernous sinus menigiomas or surgical clipping of paraclinoid aneurysms. During surgery for meningiomas of the anterior clinoid process or cavernous sinus, extradural anterior clinoidectomy allows freeing of the dural sheath of the optic nerve completely and exposing the paraclinoid portion of the ICA after its exit from cavernous sinus roof. Anterior clinoidectomy also achieves significant devascularization of the meningioma and contributes to less bleeding by interrupting the feeder vessels coming from the paraclinoid segment of ICA and the ophthalmic artery.
Carotid cave aneurysms which arise ventrally from the internal carotid artery and other clinoid segment aneurysms are a rare subtype of paraclinoid aneurysms. Carotid cave aneurysms localized in the carotid cave are typically small, grow ventromedially, and extend into the cavernous sinus. They project medially on the anteroposterior view of the angiogram and posteriorly on the lateral view of the angiogram (20) . The most common paraclinoid carotid aneurysms are carotid-ophthalmic aneurysms (3) . Aneurysms arising from the internal carotid artery between the ophthalmic artery and the posterior communicating artery are called carotid-ophthalmic aneurysms (9) . The percentage of the carotid-ophthalmic aneuryms among all intracranial aneurysms in different series varies between 1.5 and 8 percent (11, 15, 21, 22) . The most common site for carotidophthalmic aneurysms is the superior surface of internal carotid artery near the origin of ophthalmic artery (3) . The first direct approach to carotidophthalmic aneurysms was described in 1968 by Drake (11) . Dolenc proposed a combined epi-and subdural approach to carotid-ophthalmic artery aneurysms in 1985 (9) . His method of removing the orbital roof and then performing an anterior clinoidectomy for exposure of carotid-ophthalmic aneurysms has become popular. Later he developed a combined transorbital-transclinoid and transsylvian approach for operating on large and giant carotid-ophthalmic aneurysms (10) . Insufficient exposure of the neck of carotid-ophthalmic aneurysm is one of the major causes for incompleteness of surgical clipping (29) (Figure  6 ). After anterior clinoidectomy, the ophthalmic artery and proximal neck of the aneurysm are visualized better, the optic nerve is decompressed and mobilized easier, and more satisfactory surgical exposure is achieved (1, 12, 33) . In addition, after anterior clinoidectomy, dissection of the distal dural ring, falciform ligament and dura from the optic nerve enables lesser retraction which in turn allows mobilization of the intracranial ICA and optic nerve.
ConCLuSIon
Surgical access to the paraclinoid segment of the internal carotid artery is important for safe surgical clipping of paraclinoid carotid aneurysms and for surgical treatment of tumors of the anterior clinoid, anterior part of cavernous sinus and wall of the orbital apex. The extensive surgical field gained after anterior clinoidectomy increases mobilization of the intracranial ICA and optic nerve. Anterior clinoidectomy is also very important for devascularization of the skull base meningiomas with feeders coming from the paraclinoid segment of the ICA and from the ophthalmic artery.
